INTRODUCTION
One failure mode experienced with gears is that of scoring. Evidence of this failure mode is the existence of scratches extending outward along the working surfaces of gear teeth, usually from the pitch line to the tooth tip (see Fig 1) . (Occasionally scoring extends below the pitch line to the tooth root.) Continued operation when the surfaces are being scored will lead to significant changes to the tooth working surface contour. A change in the surface contour may be expected, at the very least, to alter noise and vibration levels.
Implicit with the change in surface contour is the generation of wear metal particles. These particles have the potential to further damage the operating surfaces of the scoring gears, other gears in the system, bearings, seals, etc. The final result could be catastrophic failure.
Destructive Scoring: Heavy scoring has taken place above and below the pitch line, leaving the material at the pitch line. As a result, the pitch line pits away as it attempts to redistribute the load. Usually the gear cannot correct itself and ultimately fails. lubricant/metallurgy interaction effects; and operational environment effects.
The level of difficulty in understanding boundary lubrication may be appreciated _""
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s. It was not completely determined how the above listed parameters relate and interact to allow successful operation in the boundary lubrication regime.
It is also interesting to note that,after consideration of the state of the art and their own work, the authors of Lubricant/Metallurgy Interaction Effects on Turbine Engine Load Rating concluded: "The basic mechanisms of scuffing, pitting, and wear under steady operating conditions such as in the sliding/rolling disc system are far from understood."
A review of the reports previously identified and other literature will confirm this conclusion. The conclusion is further reinforced by the various differences of opinion on the meaning of observed test data. As a result, one may well reason that it is better to avoid designing for operation in the boundary lubrication regime.
However, devices which operate in the boundary lubricated regime are many; the lack of a rigorous mathematical relationship notwithstanding. Obviously a sound equation can be expected to improve the ability to successfully design for operation under boundary lubricated conditions. For this effort the ability to better predict scuffing failure load of relatively simple sliding/rolling contact of a disc pair was accepted as a reasonable objective.
If this could be achieved, perhaps more complex devices could be considered for further improvement and generalization of the mode.
Development of the Model
Predicting disc load at scuffing failure has already been addressed using the tools of thermodynamics, chemistry, physics, etc. in various combinations.
The approach selected for model development, in this case, was based simply upon curve fitting of experimental data.
Limited resources precluded the performance of new disc experiments specifically designed to measure and/or control all the suspected parameters f4) of importance. Fortunately the appendix of an Air Force report^ ' contains some excellent experimental data including many of the parameters of interest.
Unfortunately some of the parameters reported are calculated from empirical relationships or relationships having unconfirmed accuracy. However, these were considered for inclusion in the model as measured values were not readily available.
The cited data source reports on 280 disc experiments grouped according to the type of lubricant used, method of lubricant distribution, etc. Three of these basic groups were selected for analysis. As a result, the scope was reduced to a more manageable size at the cost of generality.
The number of variables considered independent, yet related, precluded utilizing simple methods of curve fitting. Fortunately a statistical method known as multiple regression, a type of response surface analysis, has been developed^ '.
To use this method, the load capacity, W, was first expressed as: W = F (G, V t , Vs, f, T 0 , T s , Tc, h, A, *) 
In the above, the p's and C are constants to be determined.
For the model to be more amenable to further development by the selected response surface analysis, it was transformed to: (4) *This conclusion is due to the limits of the F statistic table stored in the computer. In a physical sense it identifies A as having no effect on W at scoring failure. It confirms full film lubrication does not exist when scoring occurs. about their mean value.
Comparison of the Model to Experimental Data
Test numbers were randomly selected from the 90 data sets used to develop Equation 4. The independent variables from 15 of these sets were used in Equation 4 to compute failure load. These calculated failure loads are compared to experimentally determined values in Table 1 . The error values tabulated are based upon:
• Assuming the measured load to be accurate to the nearest 50 lb increment, and
•Adjusting the computed load to the nearest 50 lb increment.
The mean error of these selected data sets is 0.9% with a standard deviation of 8.0%. Based upon the assumption that the variables have normal distributions then, by the use of t statistics, mean error is predicted to lie in the range from -5.3% to 7.0% with 99% confidence.
It was recognized that the worth of Eq 4 could better be judged on its ability to predict failure loads for the full spectrum of data reported in Reference 4. The full data spectrum (280 data sets) encompasses a considerable range expansion of some parameters and other potentially important considerations .
The range of parameters and conditions associated with the basic 90 data sets and the full spectrum of groups are presented in Table 2 for ease of comparison. Test sets from the full data spectrum were randomly chosen. The independent parameters were used in Equation 4 to estimate the load at failure. These computed values are compared to the experimentally determined values in Table 3 . The error values tabulated are based upon:
• Assuming the Measured Load to be accurate to the nearest 50 lb increment, and
• Adjusting the Computed Load to the nearest 50 lb increment.
The mean error of this sample of the total population is -2.6% with a standard deviation of 7.9%. Based upon the assumption that the variables have normal distributions then, by the use of t statistics, the mean error is predicted to lie in the range from -8.6% to 3.5% with 99% confidence. Multiple regression analysis is anticipated to be a useful tool for investigating other complex phenomena. It should be capable of:
•Providing interim empirical relationships;
• Suggesting the most promising approaches to develop more rigorous relationships from first principles; and Multiple regression analysis should be investigated as a means of establishing relationships from readily measured engine parameters. These relationships (monitoring engine health) may be combined electronically to annunciate not only a need for maintenance but what the problem may be.
